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Questions we addressed
• What is WDM regime?
• How can we  create and study it? Diagnostics

and drivers
• How is studied analytically? Theoretical

approaches hydro, EOS, QMD, transport
coefficients

• How is it studied numerically? Codes, codes,
codes

• What are the applications?

There was no unique answers.
 Rich and compelling new physics  and much
discussion of applications
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Physics is different

• Transport phenomena (electrical and thermal
conductivity, opacity, viscosity)

• Solid properties (melting, ablation, electronic
structure)

• Plasma phenomena (collective modes, em wave
scattering, wave-particle interactions)

• EOS (planetary interiors, ICF,…)
• Metal-insulator transition
• Two-phase physics (bubbles, cooling,…)
• Generic behavior vs material specific behavior.



Methods for WDM creation
• Lasers
• Diamond anvil
• High-energy ion rings (GSI)
• Low energy linacs (LBL)
• X-ray FELs (Spring8, DESY,LCLS)
• Thomson backscattering (diagnostic)
• Exploding wires (free space and immersed)
• Z-pinch
• Electrical Discharges
The development of new drivers and diagnostics opens

up new horizons for physics experiments and
applications. Big science, small science--the
important thing is GOOD science.



Theory is important

Dejarlais, QMD calculation.  Can be coupled to hydro codes.



Kitamura--EOS for Fluid Mercury
Based on Interatomic Many-Body Interactions



Experiments to understand theory

Benage



Renoudin,CEA



Measurements

• Thomson diagnostics

Glenzer, LLNL--developing new diagnostics





Ng: thin target heated by
laser+electrons



Forsman, laser drilling



Mao--alblation fs-ns timescales



Renk, Ion ablation source RHEPP-1



Negative Ion Plasmas
• Kaganovitch, More



Grinenko, exploding wire in water, fast discharge



Bieniosek, Heavy ion wdm.



Ni, pyrometer for heavy ion experiments



Hoffman, Tahir, et al GSI/FAIR



Future X-ray FEL Experiments (Falcone/Lee)



Hasegawa



Fisch: Theory to motivate experiments; use ideas for
manipulating ideal plasmas in the WDM regime



Lord Kelvin
• "When you are face to face with a difficulty, you are up
against a discovery."
•  "The more you understand what is wrong with a figure,
 the more valuable that figure becomes."
• "To measure is to know."
•  "If you cannot measure it, you cannot improve it."
•  "When you can measure what you are speaking about, and

express it in numbers, you know something about it; but when
you cannot measure it, when you cannot express it in numbers,
your knowledge is of a meagre and unsatisfactory kind."

• "I am never content until I have constructed a mechanical
model of the subject I am studying. If I succeed in making one, I
understand, otherwise I do not."

•  "There is nothing new to be discovered in physics now. All that
remains is more and more precise measurement.”--(careful
what you say after 50 years of physics!)

•Kelvin in his own words (from D. Saxon, physicsworld.com)

1824-1907



“I must confess that one reason we have undertaken this biological work is
that we thereby have been able to get financial support for all of the work in
the laboratory. As you know, it is much easier to get funds for medical
research.”

—Lawrence to Niels Bohr, 1935



Final thoughts on the school
• In one week, it is not possible to give a detailed exposition of a

still-not-fully-defined field which exists in a regime where
parameters are of order unity and where descriptions used in
other branches of physics break down.

• The talks gave an excellent overview of the breadth, richness,
and scope of the physics

• New technologies lead to new experiments and challenges
• The notes and website serve as a useful reference for your

future graduate studies.
• Someone should write the book….

Thanks for attending!


